Microbial corneal diseases are a serious ocular infection and the major cause of ocular morbidity and blindness in the world. The outcomes of fungal keratitis are unfavorable due to the protracted course of the condition and the diversity of respective clinical presentations. Trauma, contact lens wear, foreign material, and prior corneal surgery, may make the most background for permitting invasion by exogenous fungi by injecting the fungal conidia directly in the corneal stroma. Other risk factors consist of blocked naso-lacrimal duct, and ocular surface disease. More than 105 species of fungi, such as Aspergillus spp., Fusarium spp., Candida spp., Rhizopus, Mucor, and other fungi have been identified as the etiological agents of fungal keratitis. The first step of diagnosis begins with clinical suspicion, followed by corneal scrapings or biopsy for direct smear and culture confirming the etiological agent. Slit lamp biomicroscope is used for careful examination of the infected eye and pictorial documents like the ulcer size, site, depth, extent of infiltration, abscess formation, and any perforation are evaluated. Direct smears are prepared by potassium hydroxide wet mount, or Gram's staining. To identify the isolates, a lactophenol cotton blue wet mount is prepared, and diagnosis is based on morphology of the culture media and details of microscopic examination. The results are highly specific but have suboptimal sensitivity varying in different studies. Molecular assays are valuable for the diagnosis of fungal keratitis in patients. Various advantages and limitations are reported for such methods. Overall, PCR is a sensitive and promising tool for the diagnosis of fungal keratitis but the expertise required and the lack of sophisticated facilities renders it inferior to the smear techniques in routine laboratory procedures and is not recommended accordingly. Rapid diagnosis and proper treatment are essential for fungal keratitis, and many patients require several months of therapy until the infiltrate is resolved and epithelial stroma are healed. Patients not responsive to antifungal therapy usually require corneal transplantation.
Background
Microbial corneal diseases are serious ocular infections and the major cause of ocular morbidity and blindness in the world with occurring record of about two million corneal ulcers annually (1) . The rate of infections in third-world countries like South Africa and Ghana (2) is 30 times the number of corneal ulcers in the United States (3) . The outcomes of the FK are unfavorable due to the protracted course of the condition and the diversity of clinical presentations (4) , therefore, the ophthalmologists encounter the greatest challenge in diagnosis and treatment. The signs of FK can cause a deep and severe corneal ulcer with small satellite lesions around it and hypopyon may be seen. Clinical symptoms are nonspecific, with slower onset and more gradual progression than that of bacterial infections (5, 6 ). With precise clinical examination, ophthalmologists may reach rapid, presumptive and highly predictive diagnosis, and thus, can select empirical antifungal treatments with better outcomes.
The external ocular conditions include pain, redness, dry eyes, bullous keratopathy adnexal abnormalities such as trichiasis and entropion, blepharitis lid edema, abnormalities and conjunctival congestion corneal degeneration and defective vision. Biomicroscopic findings with slit-lamp can measure the diameter of the size of the inflammatory infiltrate, and evaluate the type, location, depth of ocular inflammation and corneal ulceration, an anterior midstromal infiltrate with feathery border and surrounding edema, loss of the corneal epithelium with suture and underlying stromal infiltration. Briefly, they vary considerably and no characteristic features can be absolutely pathognomonic for the diagnosis of etiological agent of infective ulcer. A sensitivity of up to 83% has been reported by Thomas et al. (7) for diagnosing FK along with consideration of respective clinical features. The presence of clinical symptoms with duration of in-fection and potential risk factors may help the ophthalmologists with rapid diagnosis.
Fungal corneal ulcers like other fungal infections are commonly present in immunocompromised patients but they have also been reported in healthy humans (8) . This infection may occur at any age and for any sex but the most susceptible group are males engaged in agricultural or other outdoor work at the age of 31 to 40 years. In one study, 53.7% of mycotic keratitis cases were farmers and laborers (9) . Environmental factors like humidity, rainfall, and wind, influence the occurrence of FK. Significant systemic predisposing factors include diabetes, human immunodeficiency virus, treatment for a bacterial infection with antibiotics or steroids (10) . Corneal trauma with plant material, animal origin and even dust particles appeared to be the most common predisposing factors (9) . Other risk factors consist of blocked nasolacrimal duct, poor hygiene practice in soft contact lens wearers, and ocular surface disease.
Trauma, contact lens wear, foreign material and prior corneal surgery may make the background for permitting invasion by exogenous fungi by injecting the fungal conidia directly in the corneal stroma. After contamination with fungal elements, fungi gain access to the anterior chamber or the posterior segment and with specific mechanisms such as proteolytic enzymes and mycotoxins damage the tissue. Filamentous fungi like Aspergillus and Fusarium spp. are able to proliferate and spread within the corneal stroma and penetrate the descemet membrane. In contrast, Candida albicans release chemotactic substances such as phospholipase A and lysophospholipase and facilitate entrance in to the tissue (11, 12) . These organisms can extend from the cornea into the sclera and intraocular structures and cause severe infections, like anophthalmitis, scleritis, and endophthalmitis.
Etiologic Agents
More than 105 species of fungi, such as Aspergillus spp., Fusarium spp., Candida spp., Rhizopus, Mucor, and other fungi (13) have been identified as the etiological agents of FK. Theses agents include yeast (particularly Candida) and filamentous fungi. Candida albicans keratitis is an opportunistic infection of a compromised cornea, and sometimes unknowingly compromised host, which can be initially misdiagnosed. Candida albicans is found in the normal flora of different human body sites like mouth and gastrointestinal tract, therefore, eyes can be contaminated with fingers, and then false-positive results are obtained in the culture media for Candida albicans. Thus, clinical funding is important for the treatment of Candida infection.
Filamentous fungi (especially Fusarium and Aspergillus) are frequent causes of fungal corneal ulcers. Filamentous agents vary, depending on the geography and climate of each region. Aspergillus species was the most common isolate in the FK reported in India (14) , south Iran (15, 16) Nepal, and Bangladesh (17) . However, certain Aspergillus species, mainly A. flavus (16) , A. terreus (18) , A. fumigatus (19) , and A. niger (20) , have long been regarded as important pathogens in FK. Fusarium species was found to be the most common cause of FK in south India (21) , but the prevalence of the infection in other parts of the world is limited (16).
Epidemiology
The epidemiological variation and wide geographical distributions are related to the economic and climate factors (22) . Considering such factors, FK account for approximately 28% of ulcerative keratitis, ranging from~ 6% to 53%, (18, 23) and FK rate is about 50% in culture-proven cases (24).
Diagnosis of Fungal Keratitis
Early diagnosis of FK is important for the management and prevention of further complications such as loss of vision, hypopyon formation, endopthalamitis and for complete recovery (25) . The first step of diagnosis begins with clinical suspicion, then, corneal scrapings or biopsy for direct smear and culture are performed to confirm the etiological agent. Slit lamp bio-microscopeis used for careful examination of the infected eye and pictorial documents like the ulcer size, site, depth, extent of infiltration, abscess formation, and any perforation are evaluated. For specimen collection after the instillation of anesthetic eye drops such as proxymetacaine hydrochloride, corneal scrapings from the base and margin of the ulcers are collected aseptically, using a metal blade under direct vision through a slit-lamp. It is optimum for samples to be collected in the first visit, before using of antimicrobial or antifungal agents.
Direct smears are prepared by potassium hydroxide (KOH) wet mount, or Gram's staining. Different high sensitivity rates have been reported for KOH wet mount including 61% (26), 76.3% (21), 71.4% (27) , and 90% (28) . However, a much lower sensitivity of 33% was also reported from another study (29) . Gram's smear sensitivity is lower than that of KOH wet mount because the former is not specialized for fungi and there are reports indicating sensitivity; 60% (26) 42.9% (27) and 42.1% (21) .There are other stains, namely, acridine orange, and Giemsa staining used for the diagnosis of FK. Correct sampling and expert diagnosis laboratory, if provided, can lead to faster and more efficient screening.
For identification of the isolates, a lactophenol cotton blue wet mount is prepared, and diagnosis is based on the morphology of cultural media and details of microscopic examination. The results are highly specific but have suboptimal sensitivity varying in different studies; 68.4% (21), 37.5% (20) and 25% (30) . Although culture is considered as the gold standard for FK diagnosis, the major limitations are the length of time consumed for confirming the culture growth because the fungi often have a slow growth, and a high chance of culture media contamination. The major advantage of culturing the samples is determining the sensitivity pattern of the isolates, because many fungi are resistant to the routine antifungal agents (31) (32) (33) . Depending on the type of cornea specimen, stain and culture were positive in 80% of the biopsies and in 61.9% and 52.4% of the corneal scrapings, respectively (34) .
For the diagnosis of FK, use of a serological method and detection of antigen or antibody in serum is limited because of the localized infection. In immunocompromised patients, these methods may prove useful if the infection becomes systemic. There are many reports about molecular assays for the detection of systemic fungal infections using punfungal PCR with the available DNA primer sets for the recognition of all fungal species (35) , nested PCR (36, 37) and real time PCR (38) (39) (40) . Molecular assays can serve as a valuable method for the diagnosis of FK in experimental animal infections and patients (41) (42) (43) .
The sensitivities of molecular assays (PCR) in FK which documented by culture results for fungi in some studies were reported to be 81.6% (21) and 70% (30) . Advantages of these methods include the ability to detect fungal DNA for the majority of fungal corneal ulcers with negative culture, and by using the DNA sequencing or specific primers, novel organisms can be detected in culture-negative cases. Also, these methods are able to detect fungal elements in the treated patients. For 10 out of 40 eyes pretreated with antifungal agents, PCR was positive in 50%, but culture in 30% of the cases (30) . Real time PCR has the ability to quantify the load of the organism and can serve as the treatment follow up.
There are many logistic and technical limitations in the use of various molecular assays for the detection of FK, such as differentiating between active and latent infections, viable and nonviable organisms especially after treatment, and difficulty in optimization according to the type of fungi. False positive results may also occur during the DNA sequencing due to the high sensitivity of this method, although attention to reducing falsepositive results from contaminating DNA is warranted (44) . Contamination of samples may occur in each stage of sampling or in reagents during processing of positive control specimens and amplification of nonpathogenic organisms. Another limitation in the widespread utility of these techniques as a screening test is not being cost effective.
Use of panfungal PCR for the identification of fungal species is not enough and various primers or sequencing are needed. This procedure is expensive for the patients and not available in routine laboratories. There are reports on the time required for positive fungal cultures, being at least 5 to 7 days (30) or at least 1 to 35 days (34), whereas PCR assay requires only 4 to 8 hours (30, 34) . However, in practice the time needed for multi PCR or sequencing of the amplified DNA exceeds such lengthsand sometimes makes these techniques slower than the traditional ones (19) . Overall, PCR is a sensitive and promising tool for the diagnosis of FK but the expertise required and the lack of sophisticated facilities render it inferior to the smear techniques in routine laboratory procedures and is not recommended accordingly.
Treatment of Fungal Keratitis
Unfortunately, delays in appropriate treatment and use of topical antibiotics and corticosteroids are risks for development of blindness due to delays in antifungal therapy in patients with FK. This may result in corneal perforation, and Keratoplasty is performed. As the appearance of the ulceration for distinguishing fungal from bacterial ulcer is unreliable (45) and since resistant fungi have been reported (33, 46) , treatment on the basis of correct identification of pathogen by culture and determination of sensitivity could have better outcomes than empirical treatment with broad-spectrum antibiotics. Culture results are also critical to tailor therapy for patients who fail empirical therapy.
Natamycin is the polyene antifungal agent approved by the Food and Drug Administration, as the first line therapy for the treatment of FK since the 1960s. There are occasional reports of natamycin resistant Aspergillus spp. isolated from infected eyes (47) or natamycin unresponsiveness in patients with mycotic keratitis (48) . Amphotericin B topical form or voriconazole are used for the treatment of suspected cases of FK caused by filamentous fungi reported in numerous case reports in the ophthalmic literature (49-51). There has not been any reports for significant differences in scar size, visual acuity, and perforations between use of natamycin or voriconazole for treatment of patients (51) .
Poor penetration of natamycin in intact epithelium, was reported while voriconazole had superior permeability through the epithelium (51) (52) (53) (54) . Totally, natamycin suspension (5 mg/mL) is the drug of choice for topical therapy, although amphotericin B drops (1.5 mg/mL) have also been used (55) . Topical voriconazole is increasingly favored among ophthalmologists because of its wide spectrum of coverage against yeasts and filamentous agents of FK (56) . In immune-compromised patients and in those with severe infections, the treatment includes a topical antifungal agent combined with systemic antifungal medications (55) . Successful treatment with oral posaconazole has been reported in three patients who did not respond to the treatment with voriconazole (57) .
Intracorneal injections of voriconazole in patients not responsive to topical and systemic therapy were also reported (58, 59) . Topical agents should initially be applied hourly with subsequent modification based upon the response. Prolonged therapy for approximately four weeks is usually necessary (60) . Many patients require several months of therapy until the infiltrate is resolved and epithelial stroma is healed. Patients who do not respond to antifungal therapy usually require corneal transplanta-tion.
Conclusions
Fungi have long been regarded as important pathogens in keratitis. Early diagnosis and treatment can be helpful for the management of this infection. In doing so, use of traditional techniques and molecular diagnosis may be beneficial. But use of conventional methods is recommended in the first line of diagnosis and in cases with negative results, molecular methods are recommended.
